Aims To evaluate the risk of first myocardial infarction (MI) associated with the use of various non-steroidal anti-inflammatory drugs (NSAIDs) in the general population.
Introduction
The accumulating data on the cardiovascular risks associated with the use of cyclo-oxygenase-2 (COX-2) selective NSAIDs also call into question the cardiovascular safety of the conventional non-steroidal anti-inflammatory drugs (NSAIDs). The earlier randomized controlled trials (RCT) designed to study efficacy and safety of conventional NSAIDs focused on gastrointestinal adverse effects and were generally underpowered to find rare hazards, such as myocardial infarction (MI). Results suggesting an association between cardiovascular risk and the use of various conventional NSAIDs have recently emerged from some observational studies, 1, 2 although not all such reports have confirmed these findings. [3] [4] [5] [6] [7] [8] [9] [10] Information on the effects of duration of NSAID therapy and age of the user on potential cardiovascular risk is either controversial or lacking. We therefore conducted a nationwide case-control study in the general Finnish population on the risk of first time MI associated with the use of various NSAIDs, considering both duration and the age of the user. Non-selective conventional NSAIDs, those with some COX-2 selectivity (semi-selective), as well as COX-2 selective NSAIDs were included in the analysis.
Methods
We conducted a population-based matched case-control study in persons living in the community, based on historical data. The outcome was first MI requiring hospitalization. The cases were identified using the Finnish Hospital Discharge Register from 1 January 2000 to 31 December 2003. Up to five control patients to each case were identified from the Population Register and matched for age at the end of the calendar year, sex, and hospital catchment area. The index day of the case (day of hospitalization) was assigned to its controls. The use of medication and co-morbidity associated with the risk of MI were obtained by linking the personal & The European Society of Cardiology 2006. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org identity codes of the cases and controls with their data in the Finnish Prescription Register and the Special Reimbursement Register. Using the Anatomical Therapeutic Chemical (ATC) codes, 11 we located any and all prescriptions for NSAIDs for each person and the dates they were written during the 2 years prior to the index day. For each prescription the amount of NSAID was then assigned according to the defined daily dose coding (DDD; defined as the standard dose per 24 h for an adult taking the drug for its main indication) as suggested by WHO. 11 The amount of DDD was used as a proxy for supply.
The proximity of NSAID therapy to the MI was defined as the most recent supply of a prescription before the index day. The users were classified in three mutually exclusive categories: (a) current users: the supply of the prescription started before and extended beyond the index day; (b) recent users: the supply of the prescription ended 1-30 days before the index day; and (c) past users: the supply of the prescription ended 31 days to 2 years before the index day. If a person had prescriptions with different NSAIDs inside a time category, he or she was classified as a multiple NSAID user. Persons with no prescriptions of NSAIDs during the 2 years prior to the index day were classified as non-users.
Further description of the methods is presented in the Supplementary data.
Statistical analysis
Conditional logistic regression models taking into account the 1:5 matching were used to estimate the associations between NSAID categories or individual NSAIDs and the risk of MI. The matching factors were age, gender, hospital catchment area, and index day. Because of the matching procedure, the effect of age and gender could not be examined in the models, as their distributions of the controls matched those of the cases. Therefore, the contribution of age and gender were examined by conditional logistic regression models taking into account the interaction terms of age, gender, and NSAID category.
Use of any of the following drugs during the 120 days preceding the index day was considered as a confounder for MI, and was included in the adjusted analysis of the risk ratio: statins (ATC code C10AA), b-adrenoceptor blocking drugs alone (C07A) or in combination with diuretics (C07B) or with other substances (C07F), clopidogrel (B01AC04), or post-menopausal hormone therapy (G03CA, G03DC05, G03F). Furthermore, co-morbidity with rheumatoid arthritis, hypertension, diabetes, or coronary artery disease (CAD) present on the index day, as reflected by the person's inclusion in the Special Reimbursement Register for that disease, was used as an adjusting factor in the statistical analysis.
The OR and corresponding 95% CI were estimated using the PHreg procedure in the SAS package (version 8.2; SAS Institute Inc., Cary, NC, USA).
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Results
We identified 33 309 persons with MI and 138 949 individually matched controls ( Table 1) . At least three controls could be identified for 91.9% of the cases; the number of controls per case declined with advancing age. MI was slightly more prevalent in males. When compared with matched controls, a significantly larger proportion of cases had some predisposing factor for MI (diabetes, hypertension, rheumatoid arthritis, CAD). Similarly, with the exception of hormone replacement therapy, the use of drugs modifying the risk of MI was more prevalent among cases than control persons.
NSAID use and risk of MI by proximity of the last prescription
In all NSAID categories current use was statistically significantly associated with MI. The mean adjusted odds ratios (AOR) were in the range of 1.3-1.5 with no obvious differences between the categories ( Table 3 ). In the case of etoricoxib, the point estimate of AOR was 2.21 but the CI was wide from 1.18 to 4.14. None of the NSAIDs had a protective effect against MI among current users.
In the sensitivity analysis, assuming that the actual NSAID dose had been twice of that indicated by DDD, the ORs of any current NSAID use turned out to be the same (unadjusted OR 1.57; 1.48-1.66, AOR 1.43; 1.34-1.53) as in the original analysis ( Table 2) . If only half of the DDD dose was supposed to be taken, the ORs remained highly significant (unadjusted OR 1.45, 1.40-1.51; AOR 1.32; 1.27-1.38).
With increasing time between discontinuation of NSAID therapy and index day the mean AORs tended to decrease in all NSAID categories, although the association was statistically significant in the users of conventional NSAIDs only ( Table 2) . A similar trend emerged when the analysis was repeated on a substance-by-substance basis ( Table 3) . 
Duration of therapy among current users of NSAIDs
In the users of conventional NSAIDs, the OR for MI were constantly elevated regardless of the length of use ( Table 4) . Similar results emerged when the analysis was repeated on a substance-by-substance basis (not shown in the tables). Among persons on semi-selective NSAIDs the risk was significant for other durations than from 2 to 4 weeks, and among persons on COX-2 selective NSAIDs the risk was significant only for 2-3 months of use ( Table 4 ). During that period, rofecoxib was mostly responsible for the AOR among COX-2 inhibitors (1.77; 1.08-2.90); the AOR for rofecoxib was also elevated for longer use (1.55; 1.04-2.30) of the therapy.
Age
Age or gender in the current users did not modify the risk of MI in any NSAID category (all interaction P-values .0.07). However, when analysing individual NSAIDs a different finding emerged. In the users of indomethacin, diclofenac, naproxen, nimesulide, or rofecoxib, an elevated risk of MI (AORs ranging from 1.31 to 1.79) was observed only in persons aged 76 years or more (data not shown).
Discussion
We found a clear but moderate association (less than two-fold) between first MI and current use of NSAIDs. The associations were present regardless of the NSAID category, and were of similar level for conventional, semi-selective, and COX-2 selective NSAIDs. The risk elevation associated with individual substances varied from 121 (etoricoxib) to 19% (naproxen), compared with non-users of NSAIDs.
The second important finding was the close association of the proximity of NSAID use to MI: the longer the time from NSAID discontinuation the weaker the association. Age of the user did not consistently modify the risk.
When the duration of any NSAID therapy was considered, the risk for MI was elevated regardless of the duration of therapy, although there was a tendency for a bimodal distribution of the risk in NSAID users with a short and extended (over 3 months) exposure showing the highest AORs.
Even if the risk increase was modest, any risk of serious adverse event is important at the population level if a drug is not life-saving and is widely used, as is the case with NSAIDs. The risk level of the MI is clearly lower than the risk of serious upper gastrointestinal events, 2-5-fold when compared with non-users, as confirmed previously. 12 The association between MI and any NSAID use was also observed in a recent population-based database study in Denmark. 1 The researchers observed elevated risk of MI associated with current use of rofecoxib, celecoxib, naproxen, other coxibs (classified as semi-selective in our study), and other NSAIDs as a group. Similarly, in case-control studies in the UK and US, elevated risk ratios across different NSAID subclasses were reported. 
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Though the association between MI and the use of an NSAID appears to be a class effect, the risk level varied between substances. The elevated risk of MI from rofecoxib found in our study (AOR 1.44; 95% CI 1.20-1.72) was at the same level as found in other observational studies that demonstrated a positive relationship. 1, 2, 9, 10, 16, 17 In the prospective APPROVE trial, the relative risk of all cardiac events reflecting the risk of MI in the users of rofecoxib 25 mg daily compared with placebo was somewhat higher at 2.8 (95% CI 1.44-5.45). 18 In the APC trial, the risk of serious cardiovascular events from celecoxib was dose-related. 19 In accordance with this, our results demonstrated a significant association of MI with rofecoxib, but not with celecoxib at a DDD of 200 mg for celecoxib.
The relatively high risk of MI associated with etoricoxib (2.21; 1.18-4.14) in our study still needs to be interpreted with caution because of the small number of users, and hence the wide CI. However, it is in agreement with a recent cohort study based on the United Kingdom General Practice Research Database where the current (14-day period before the index date) use of etoricoxib was associated with MI by the risk ratio of 2.09 (95% CI 1.10-3.97). 20 Instead, numerous persons were using nimesulide or ibuprofen in our study, the most frequently prescribed NSAIDs in Finland in 2002, 21 resulting in narrow CI and clear statistical significance of the risk association ( Table 3) .
Different observations were made among recent users of NSAIDs. No general trend for an associated risk with MI a Adjusted for diabetes mellitus, rheumatoid arthritis, CAD, hypertension, and the use of a b-blocker, a statin, hormone replacement therapy, and clopidogrel 4 months prior the index day.
b Current use denotes the supply of the last prescription, counted in DDD, covered the index day.
c Recent denotes the supply ended in the days 1-30 prior the index day. d 'Past' denotes the supply ended latest 31 days prior the index day. e Aceclofenac, mefenamic acid, tenoxicam, and tiaprofenic acid. could be identified; the only significant associations found were with indomethacin, naproxen, and ketoprofen. Our results do not support the view that COX-selectivity alone determines the cardiovascular adverse effects of NSAIDs, at least concerning MI. It has been postulated that COX-2 selective NSAIDs might increase the risk of cardiovascular thrombotic events by blocking the formation of vasodilatory prostacyclin and leaving the proaggregatory COX-1-mediated formation of thromboxane relatively unaffected. 22 In addition, according to a study in rabbits, COX-2 is activated in cardiac ischaemia and this has been postulated to have a cardioprotective function; the activation is antagonized by celecoxib. 23 Furthermore, recent findings in mice suggest that adiponectin protects the heart from ischaemia-reperfusion injury by a COX-2-mediated mechanism, and that COX-2 inhibition reverses this protective effect. 24 Both COX-2 selective and nonselective NSAIDs inhibit the formation of COX-2. Hence, if the adverse effects are mediated mainly by inhibition of COX-2, independently on the balance between prostacyclin and thromboxane as suggested by the latter studies, the use of non-selective and COX-2 selective NSAIDs could be equally associated with the risk of MI as found by us. Nevertheless, COX-selectivity is an in vitro measure, and in vivo pharmacokinetic processes such as metabolism and differences in tissue distribution complicate its interpretation.
We postulate that the risk associated with the long-term duration of NSAID therapy might be mediated by an increase in blood pressure. Both conventional and COX-2 selective NSAIDs have been reported to elevate blood pressure, [25] [26] [27] and to expose users to cardiac failure, 28 or aggravate it. 29, 30 Both hypertension and cardiac failure may predispose a patient to a cardiac event. The effect of hypertension may be rapid; during the first 6 months of an anti-hypertensive treatment even a modest decrease in the blood pressure has been shown to decrease the risk of MI in patients with cardiovascular risk factors. 31 An observational study like ours cannot of course define the mechanism behind the association of NSAID use and MI. Whatever the mechanism might be, our findings clearly indicate that the risk is reversible and associated with the presence of the drug in the body; the closer the proximity of the prescription, the larger the effect.
To our knowledge, this is the largest population-based observational study thus far on the cardiovascular risk associated with the NSAIDs. In Finland, both cardiovascular mortality and morbidity are higher than in many western societies, 32 which boosted the event rates in our study. The total consumption of NSAIDs is relatively high in Finland, varying from 63.5 DDDs/1000 inhabitants/day in 2000 to 70 in 2003. 33 Therefore, we were able to evaluate the risk on a substance-by-substance basis. The validity of the Hospital Discharge Register we used has recently been verified. 34 The advantage of using register data is that they reflect routine medical practice for the general population, compared with highly selected patients in clinical trials.
As in observational studies in general, there may have been significant unmeasured confounding factors in our study, too. We could not control for the dose, over-the-counter use of aspirin (neither the use for cardioprotection nor pain), ibuprofen or ketoprofen, and the use of non-reimbursed low-price packages of some conventional prescription NSAIDs. Over-the-counter NSAIDs accounted for some 30% of total NSAID consumption in Finland during the study. 35, 36 Furthermore, we were unable to adjust for some substantial confounders of MI, such as low-dose aspirin use, smoking, and obesity. However, the findings of a US study indicate that omission of five potential confounders (smoking, aspirin use, obesity, educational attainment, and income level) that are independently associated with MI was not likely to change the interpretation of risk estimates based on health care utilization data when studying the association between COX-2 inhibitors and MI in the elderly. 37 We could not rule out a protopathic bias, i.e. an inadvertent prescribing of NSAIDs for an early manifestation of MI, or chest pain. Theoretically, this may weaken our conclusion of an observed association, especially when considering the short-term use of NSAIDs. However, we found the risk level to be constantly elevated regardless of the length of use (Table 4) .
Only MI cases admitted to hospitals were included in our analysis to ensure the validity of diagnosis, and thus fatal MIs outside hospitals and non-fatal MIs cared in health centres were excluded. Missing events due to silent MI and sudden death could have resulted in incomplete case ascertainment, affecting cases and controls similarly.
Our study has several clinical implications. First, as NSAIDs are very widely used, the risks, although modest at the individual level, have to be considered seriously at the population level. NSAIDs are mostly used for symptom relief, which places even more emphasis on their safety profiles. Secondly, choosing a NSAID for patients with several comorbidities becomes a challenging situation for clinicians. Although COX-2 selective NSAIDs seem not to be worse than conventional ones in terms of cardiovascular safety, their gastrointestinal safety in the general population has been challenged. 38 Thirdly, as clinical trials on various NSAIDs large enough to be able to detect rare hazards are hardly realistic, replications of studies similar to ours in other populations are needed.
In conclusion, the present large population-based casecontrol study demonstrated a modest association of MI with current use of all NSAIDs.
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